40 U/L was defined as elevated. Subsequent normalization of ALT was defined as two normal values reported 1-3 months apart. Serum amylase above 120 U/L was defined as elevated. Data recorded from the charts through the clinical course included clinical manifestations, results of diagnostic studies, postoperative complications, morbidity and mortality. Chi-square test, ANOVA or two-tailed F test was used as appropriate for comparison of differences between the groups and to analyze correlations between variables. Statistical significance was defined as a p value of less than 0.05.
Results
Among the 158 cases of BC included, 21were classified as BABC, 37 as infantile NBACC, and 100 as late NBACC. The duration of follow-up ranged from 12 months to 22 years (mean, 11.2 ± 6.1 years). The most commonly performed operations were Kasai operation for BABC, and radical cyst excision with hepaticojejunostomy for NBACC (except for type V, in which lobectomy was the most common procedure). The age and gender of patients and anatomic classification of the cysts are summarized in Table 1 . There was a female predominance in all three groups. The 21 patients with BABC were all infants and accounted for 36.2% (21/58) of those with infantile BC. The age at diagnosis of NBACC gradually decreased over the study period (r = 0.25, r p = 0.002) (Figure 1) .
The most common type of NBACC in both the infantile and late groups was type I (97.2% and 62%, respectively), followed by type IVa (1.6% and 35%, respectively). Of the 21 BABC cases, 19 had type I BA with extrahepatic cysts, one had type III BA with a left intrahepatic cyst, and one had type III BA with a cyst at the cystic duct. The patient with type III BA associated with an intrahepatic cyst was a 2-month-old boy who had a cyst in the left liver which persisted after Kasai operation. He developed portal hypertension with recurrent bleeding from esophageal varices 2 years cysts (BC).
12, 13 Komuro et al observed that 20%
of BA patients had extrahepatic BC. 14 However, few studies have looked at the converse question, that is, the incidence of BA in patients with BC. We retrospectively analyzed the clinical presentation, postoperative morbidity and mortality and the incidence of associated BA in 158 cases of pediatric BC diagnosed over a 23-year period.
Methods
Biliary cysts were diagnosed based on history, physical examination, biochemical and imaging studies in 173 patients (age range, 2 days to 16 years) between July 1981 and June 2004. Patients with intrahepatic cysts due to complications after Kasai operation for BA, patients operated on elsewhere, and those followed up for less than 12 months (except when due to death) were excluded. The remaining 158 patients who were included in this study all had a definitive surgical diagnosis of BC. Operative cholangiograms were done in most cases, and magnetic resonance cholangiopancreatograms (MRCP) in selected cases. Pathology reports of surgical specimens were available for all patients. This study was approved by the hospitals' institutional review boards. We defined the following groups for analysis: BA-associated BC (BABC) and non-BA-associated choledochal cyst (NBACC). The latter group was subdivided into infantile and late (> 1 year old) groups to enable comparison of infants in the BABC and NBACC groups. The cysts in the NBACC group were categorized according to the five types in Todani et al's classification. 11 The three main types of BA were defined based on the classification system used by the Japanese Society of Pediatric Surgeons.
later and underwent liver transplantation at 8 years of age. The other patient with type III BA was a 3-month-old girl who had a cyst at the cystic duct; despite undergoing Kasai operation, she developed portal hypertension and intractable bleeding from esophageal varices at 6 months of age. At 11 months, she received a liver transplantation. Both of these patients have remained well over a follow-up period of 11 and 4 years, respectively. The symptoms and signs in the three groups of patients are listed in Table 2 . Four patients with infantile NBACC diagnosed by prenatal sonogram had no clinical symptoms preoperatively. In infancy, the most common presenting sign was jaundice (all 21 patients with BACC and 33 of 37 with infantile NBACC). Abdominal pain was the most common symptom in late NBACC, with vomiting being the second most common. In patients with late NBACC, the classic triad of abdominal pain, jaundice and right upper abdominal mass was present in only 9% (9/100).
The diameter of the extrahepatic bile duct was measured sonographically for each patient who had extrahepatic biliary cysts. The mean diameter in BABC (7.9 ± 1.5 mm) was significantly less than that in infantile NBACC (16.0 ± 3.7mm, p < 0.001) and late NBACC (21.5 ± 5.6 mm, p < 0.001). In NBACC, older age at diagnosis was associated with greater cyst diameter (r = 0.7, p < 0.001). Association with biliary hypoplasia of the common bile duct (CBD) was found in one of the 37 cases of infantile NBACC. One patient with BABC had jaundice and acholic stool at 2 months of age, but no cyst was found on sonogram at that time; BA was suspected after a series of examinations including sonography and hepatobiliary nuclear medicine scan. The family refused operation and he was lost to follow-up. However, he was brought back to our hospital at 9 months of age due to persistent jaundice and clay-colored stool. Sonographic examination revealed a cyst (5 mm in diameter) in the portal area. A Kasai procedure was performed and revealed a cyst followed by an extremely narrowed CBD lumen. The patient died of liver cirrhosis and hepatic failure 1 month after the procedure. Stones in the gallbladder or CBD were found before operation in 13% of late NBACC cases, but in no infantile NBACC or BABC cases. Postoperative intrahepatic stones were found in five of 35 type IVa late NBACC. Postoperative complications within 3 months included adhesive ileus presenting as intestinal obstruction with bilious vomiting in 6 patients, ascites in 15, subphrenic fluid collection in four, episodes of cholangitis in 18, and sepsis in eight. Of the 18 patients with cholangitis, eight had BABC, six had infantile NBACC, and four had late NBACC. Four children died as a result of these conditions, two with infantile NBACC and one each in the other two groups.
Chronic postoperative complications in NBACC included adhesive ileus in four patients, intrahepatic stones in five, intrahepatic cysts in 12, and portal hypertension with bleeding esophageal varices in one. Liver cirrhosis developed in nine patients in the BABC group, of whom four died and three underwent liver transplantation (Table  3) . No patients with NBACC died later than 3 months postoperatively except for one who had spinal muscular dystrophy and died suddenly at 11 years of age.
Postoperative intrahepatic cysts were found in the portal area in 12 of the 35 patients with type IVa NBACC, and five of these 12 had intrahe- No correlation between age and preoperative serum ALT level (r = 0.11, p = 0.3) was found in patients with NBACC, but a higher ALT level before operation was associated with a longer duration until normalization (r = 0.47, p < 0.001) (Figure 2) . No pancreatitis or malignancy was detected during follow-up.
Discussion

Discussion Discussion Discussion Discussion
The etiology of BC remains unknown. 9, [15] [16] [17] [18] The recommended treatment for extrahepatic BC has been radical cyst excision with a Roux-en-Y hepaticojejunostomy as the primary procedure. 3, 4, 19, 20 However, when BA is associated with a CBD cyst (type I cyst), a Kasai operation is the treatment of choice. 21, 22 A previous study reported that BC was mostly associated with type I BA. 14 In this study, BA was found in 36.2% of infants with BC, with 19 of 21 patients having type I BA. The fact that one patient with BABC (type I BA) did not have a cyst identified sonographically on initial evaluation suggests that the BC in this case may have been secondary to distal obstruction of the CBD rather than being congenital. Stringer et al reported that among 78 patients with choledochal cyst seen over 20 years, 69% presented with jaundice associated with abdominal pain and 18% with abdominal pain alone. 3 In this series, late NBACC most commonly presented with abdominal pain (72%), which was associated with jaundice in 20% of cases. Although vomiting has seldom been reported as a manifestation of BC, it was found in 72% of our patients with late NBACC. Only 9% of patients with late NBACC had the classic triad of abdominal pain, jaundice and abdominal mass. The decreasing age at diagnosis for NBACC over the course of this study period suggests that earlier diagnosis did not allow enough time for development of the classic triad.
In this study, jaundice was the most common presenting sign of BC in infancy, in both the BABC (100%) and NBACC (89%) groups. However, all patients with BABC had acholic stool together with jaundice, compared with only 27 of 33 patients with jaundice in the infantile NBACC group (p = 0.03), indicating that infantile BABC is more likely to cause complete biliary obstruction than NBACC.
Although new tools such as MRCP have become available for the diagnosis of BC, 9, 23, 24 sonography remains the most useful imaging modality. 3, [25] [26] [27] In our previous study, sonography had a specificity of 97%. 27 In this study, the cysts in patients with NBACC were of significantly greater diameter than patients with BABC, suggesting that BABC must be considered when a BC discovered in infancy is small (< 8 mm in diameter). Although the diameter of extrahepatic cysts correlated positively with age at diagnosis, we found no correlation between age and preoperative ALT level. The prolonged period of ALT elevation prior to normalization in patients with BABC indicate the need for long-term follow-up in these patients. Ongoing hepatocellular injury, as indicated by persistently elevated ALT during follow-up, was also found in 85% of late NBACC and 35% of infantile NBACC patients, requiring a mean of 152 and 158 days to return to normal, respectively. Higher initial ALT was associated with a longer postoperative duration until normalization.
Although the prognosis of BC is excellent if radical excision is performed, [3] [4] [5] [6] [7] [8] [9] serious postoperative complications have been reported, including cholangitis, biliary stricture, intrahepatic biliary stones and portal hypertension. [28] [29] [30] [31] [32] [33] [34] Postoperative sonographic follow-up is equally important for both BABC and NBACC, especially for patients with type IVa NBACC, who are more likely to develop intrahepatic biliary cysts postoperatively. The most serious complication of NBACC in our series was portal hypertension with esophageal varices. In our series, cholangitis was the most serious acute complication within 3 months postoperatively in each group, resulting in the death of four patients. Empiric antibiotics may be indicated in patients with biliary cysts who develop fever and jaundice within 3 months postoperatively.
In conclusion, BC in infancy must be evaluated carefully for the presence of associated BA due to the different surgical treatments and worse prognosis in these patients. Prolonged jaundice with acholic stool and a small cyst (< 8 mm in diameter) suggests the possibility of BABC. Although NBACC is generally benign, follow-up is necessary, especially for patients with late type IVa or elevated serum ALT before operation. In this study, postoperative cholangitis within 3 months of operation was the major cause of death.
